Introduction {#S0001}
============

Colorectal cancer (CRC) is the third most common cancer and the second leading cause of cancer-related mortality worldwide.[@CIT0001] Based on the most recent GLOBOCAN global estimates, there were over 1.8 million new cases of CRC (representing approximately 10% of all new cancers), and over 861,000 deaths in 2018.[@CIT0001] Early-stage CRC and advanced resectable disease can usually be managed through surgery with preoperative, perioperative, or postoperative treatment including chemotherapy with or without radiation therapy, depending on regional guidelines and tumor stage.[@CIT0002]--[@CIT0005] For metastatic CRC (mCRC), the backbone of the current first-line standard of care is 5-fluorouracil (5-FU) and folinic acid with the addition of either irinotecan or oxaliplatin and/or without vascular endothelial growth factor inhibitor. If the tumor contains a wild-type RAS gene, an epidermal growth factor inhibitor is added to the treatment.[@CIT0002]--[@CIT0005] Among newer subsequent therapy options for mCRC, trifluridine/tipiracil (FTD/TPI) has become available in the United States (US), Europe, and Japan for patients whose disease progressed following standard therapies.[@CIT0002]--[@CIT0005]

FTD/TPI, also known as TAS-102, is an oral formulation composed of FTD, a thymidine-based, antineoplastic nucleoside analog, and TPI, a thymidine phosphorylase (TPase) inhibitor. The mechanism of cytotoxic action of FTD is different from that of 5-FU,[@CIT0006],[@CIT0007] and is based on creating DNA dysfunction through the incorporation of the triphosphate form of FTD, following phosphorylation by thymidine kinase-1.[@CIT0006],[@CIT0008],[@CIT0009] FTD incorporated in DNA was correlated with antitumor effects in vivo using human cancer xenografts in nude mice.[@CIT0008] FTD is also known to induce transient phosphorylation of Chk1, accumulation of p53 and p21 proteins in p53-proficient human cancer cell lines, leading to a sustained G2 phase arrest.[@CIT0010] However, FTD is rapidly degraded by hepatic and intestinal TPase into an inactive 5-trifluoromethyl-2,4 (1H,3H)-pyrimidinedione (FTY), which results in low concentration of FTD.[@CIT0006],[@CIT0011],[@CIT0012] Combining FTD with TPI at a 1:0.5 molar ratio inhibited degradation of FTD and potentiated antitumor activity of FTD.[@CIT0012],[@CIT0013] In preclinical studies, FTD/TPI was active in fluorouracil-resistant colorectal cancer cell lines, with a growth inhibition pattern different from that of 5-FU,[@CIT0007] and in human gastric and colorectal 5-FU-resistant tumors xenografted into nude mice.[@CIT0013] These findings established FTD/TPI combination as an attractive candidate for the treatment of patients with mCRC refractory to fluoropyrimidines.

Phase 1 clinical studies evaluated FTD/TPI pharmacokinetic (PK) characteristics, dose-limiting toxicities (DLTs) and recommended dosage of FTD/TPI in patients with advanced solid tumors and mCRC.[@CIT0014]--[@CIT0019] Exposure to FTD increased with increased doses and repeated administration;[@CIT0014],[@CIT0016]--[@CIT0018] and, based on the DLTs, the 35 mg/m^2^ twice-daily dosage was selected for the Phase 2/3 studies.[@CIT0018],[@CIT0019] A proof-of-concept Phase 1 study in patients with solid tumors conclusively demonstrated that administration of FTD+TPI at 35 mg/m^2^ twice daily increased exposure to FTD by 37-fold, compared with administration of FTD alone.[@CIT0017] The clinical efficacy of FTD/TPI was not affected by food intake.[@CIT0020] Major DLTs associated with FTD/TPI treatment were mainly hematologic and included granulocytopenia, neutropenia, anemia, leucopenia, thrombocytopenia, lymphopenia, and febrile neutropenia.[@CIT0015],[@CIT0016],[@CIT0018],[@CIT0019]

FTD/TPI at a 35 mg/m^2^ twice-daily dosage demonstrated substantial antitumor activity in several randomized clinical trials in Western and Asian patients with refractory mCRC. FTD/TPI demonstrated significant improvement in overall survival (OS) vs placebo in heavily pretreated Japanese patients with mCRC refractory to 5-FU, irinotecan, and oxaliplatin (hazard ratio \[HR\], 0.56; 95% confidence interval \[CI\], 0.39--0.81; *p*=0.001);[@CIT0021] in patients with refractory mCRC from Australia, Europe, Japan, and the US (RECOURSE global trial: HR, 0.68; 95% CI, 0.58--0.81; *p*\<0.001; and RECOURSE Spanish subpopulation: HR, 0.47; 95% CI, 0.28--0.78; *p*=0.003);[@CIT0022],[@CIT0023] and in Asian patients from China, Republic of Korea, and Thailand, with previously treated mCRC (TERRA trial: HR, 0.79; 95% CI, 0.62--0.99; *p*=0.035).[@CIT0024],[@CIT0025] Among 305 Chinese patients enrolled in the TERRA study (75% of all patients), 204 were treated with FTD/TPI and 101 received placebo. Compared to the placebo group, FTD/TPI reduced the risk of death by 18% (HR, 0.82; 95% CI, 0.62--1.08) in Chinese patients.[@CIT0025] FTD/TPI is currently approved in Japan, the US, and Europe for the treatment of patients with mCRC refractory to standard therapies,[@CIT0002]--[@CIT0004] but this treatment is not yet approved in China.

We evaluated the PK profile, safety, and preliminary efficacy of FTD/TPI in Chinese patients with advanced/metastatic solid tumors (predominantly CRC) refractory to standard treatments, as mandated by Chinese Food and Drug Administration (FDA) regulatory requirements to obtain approval for FTD/TPI treatment in China. To evaluate statistically whether the PK profile of FTD/TPI at a 35 mg/m^2^ twice-daily oral dosage in Chinese patients is comparable to that reported for Japanese and US patients in Phase I studies,[@CIT0017],[@CIT0018] we used the original data available for subsets of patients who were treated at this dose level (clinical study reports from JapicCTI-111545 and NCT01867866) and performed Tukey--Kramer's honestly significant difference (HSD) multiple comparison tests.

Methods {#S0002}
=======

Patients {#S0002-S2001}
--------

Patients eligible for enrollment to this study were 18--65 years of age, with histologically or cytologically confirmed advanced or metastatic solid tumors, who had either poor response to standard treatment, were intolerant to the currently available standard treatments, or had advanced or metastatic solid tumors for which no standard therapy was available. Additional inclusion criteria included a life expectancy of ≥3 months, the ability to take medications orally, measurable and/or nonmeasurable lesions as defined by Response Evaluation Criteria In Solid Tumors (RECIST) v1.1 criteria,[@CIT0026] adequate organ function, and Eastern Cooperative Oncology Group performance status (ECOG PS) of 0 or 1.

Patients were excluded from the study if they had suffered serious complications that required hospitalization, had brain metastases or clinical symptoms suggestive of brain metastases, active infection, or a history of drug allergy, had undergone continuous systemic steroid therapy, or had a Grade ≥2 unresolved toxicity per National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAEv4.03[@CIT0027]) attributed to any prior therapies.

Study Design and Treatments {#S0002-S2002}
---------------------------

This was an open-label, single-group, Phase 1b study of FTD/TPI in Chinese patients with solid tumors (NCT02261532). FTD/TPI (35 mg/m^2^) was administered orally twice daily (morning and evening) for five consecutive days, followed by 2 recovery days. The treatment was administered again for five consecutive days, followed by 16 days' recovery. This 28-day period was considered one treatment cycle. Study continued until all patients discontinued treatment, or after the last patient enrolled had received 12 months' study treatment, whichever occurred first.

The study protocol was approved by the Independent Ethics Committees in Beijing Cancer Hospital and Peking Union Medical College Hospital. The study was conducted in accordance with the provisions of the Declaration of Helsinki, the International Council for Harmonisation E6 Good Clinical Practice guidelines, and local regulatory requirements.[@CIT0028],[@CIT0029] Written informed consent was obtained from all patients before entering the study.

Study Endpoints and Assessments {#S0002-S2003}
-------------------------------

The primary objective of this study was to investigate the PK characteristics of FTD, FTY, and TPI after single and multiple doses of FTD/TPI in Chinese patients. The following PK parameters of FTD, FTY, and TPI were calculated: maximum plasma concentration (C~max~), time to maximum concentration (T~max~), area under the plasma concentration--time curve (AUC), AUC from time 0 to time of last quantifiable concentration (AUC~0-t~), AUC from time 0 to time infinity (AUC~0-inf~), apparent volume of distribution volume (Vd/F), apparent systemic clearance (CL/F), terminal half-life (t~½~), elimination rate constant, and the ratio of AUC~0-t~ on day 12 to AUC~0-t~ on day 1 (R). For FTY, neither Vd/F nor CL/F was calculated, and AUC~0-inf~ was calculated only for day 1.

Blood samples (≥4 mL) for PK analyses were collected in the morning of days 1 and 12 of Cycle 1 at the following time points: 0, 15, and 30 mins, 1, 2, 4, 6, 8, and 10 h after study drug administration. The sample at 0 mins was collected within 30 mins before the morning dose, and the sample at 10 h was collected before administration of the evening dose. The total blood volume collected for the PK samples was 72 mL per patient, with a minimum of 4 mL per sample.

The methods of liquid--liquid extraction for FTD and FTY and solid-phase extraction for TPI were applied, and the organic layer and eluate were collected and evaporated to dryness. These reconstituted samples were used for the analysis. FTD, FTY, and TPI concentrations were measured at the Toray Research Center (Kanagawa, Japan) using liquid chromatography with tandem mass spectrometry (LC/MS/MS) methods validated by the laboratory. FTD and FTY were extracted from the plasma samples with *tert*-butyl methyl ether and quantified by LC/MS/MS using internal standards labelled with stable isotopes. Lower limits of quantification (LLOQ) of FTD and FTY were 5.0 ng/mL. TPI was extracted from plasma samples using solid extraction columns and quantified by LC/MS/MS using an isotope-labelled internal standard. LLOQ of TPI was 0.2 ng/mL. For FTD, the intra-assay accuracy and precision at 5.0 ng/mL were 103.0% and 6.2%, respectively, and the inter-assay accuracy and precision rates were 101.2% and 6.7%, respectively. For FTY, the intra-assay accuracy and precision rates at 5.0 ng/mL were 105.4% and 12.7%, respectively, and the inter-assay accuracy and precision rates were 104.6% and 10.7%, respectively. The intra-assay and inter-assay accuracy and precision rates for TPI at 0.2 ng/mL were 97.0% and 13.4% and 101.5% and 9.6%, respectively. All data met the acceptance criteria.

Secondary endpoints included safety and preliminary efficacy of FTD/TPI in Chinese patients. For safety, adverse events (AEs), clinical laboratory tests, electrocardiograms, vital signs, and ECOG PS were assessed. All AEs, serious AEs, and deaths were recorded throughout the study and the follow-up period of 30 days after the last dose of study drug, or until the start of new antitumor therapy. At the end of the follow-up period, only AEs with a causal relationship to the study treatment were recorded. Adverse events were coded using Medical Dictionary for Regulatory Activities central coding dictionary version 18.0, and grading and severity of AEs were assessed using CTCAE v4.03.[@CIT0027]

Efficacy endpoints included overall response rate (ORR), disease control rate (DCR), and progression-free survival (PFS). Tumor measurements were obtained using a contrast-enhanced computed tomography (CT) scan of the chest, abdomen, and pelvis within 28 days prior to enrollment and every 8 weeks (+/-- 7 days) thereafter. For patients who discontinued treatment for reasons other than radiologic disease progression, tumor measurements were continued every 8 weeks during the follow-up period until radiologic disease progression was documented. Tumor assessments were based on the individual investigators' review of the images according to RECIST v1.1.

Statistical Analyses {#S0002-S2004}
--------------------

Fifteen evaluable patients were to receive the study drug. The overall sample size was not based on any formal hypothesis testing, but determined according to Chinese regulatory authority requirements,[@CIT0030],[@CIT0031] and aimed to obtain preliminary information on the PK and toxicity profile of FTD/TPI.

The PK population comprised all patients who received study medication. All such patients were evaluated for PK unless significant protocol deviations affected the data, or if key dosing information was missing. PK parameters were calculated from plasma concentrations using noncompartmental model analysis with commercial software (Phoenix WinNonlin v6.3, Pharsight Corporation as part of Certara, St Louis, MO, USA). AUC~inf~ values were calculated for day 1 and day 12 using the following equation: AUC~inf~ = AUC~0-t~ + Ct/λz, where Ct and λz mean the last quantifiable concentration and elimination rate constant, respectively. Among PK parameters for FTD, FTY, and TPI, T~max~ was represented as mean or median, and R (ratio of AUC~0-t~ on day 12 to AUC~0-t~ on day 1), as well as other PK parameters, was described by the geometric mean values.

The safety population included all patients who received ≥1 dose of study medication and the safety data were summarized descriptively. Compliance rate was based on drug accountability, calculated as the number of study drug doses taken (total dispensed = \[total returned + total lost\]) divided by the prescribed number of doses expressed as a percentage.

The efficacy population included all patients in the safety population who had completed ≥1 cycle of study medication and had assessments to confirm radiologic or clinical disease progression. Overall response rate (proportion of patients with complete response \[CR\] and partial response \[PR\]) and DCR (proportion of patients with CR, PR, and stable disease \[SD\]) were presented with Clopper--Pearson exact 95% CIs. Progression-free survival defined as the time from the date of enrollment to Investigator-assessed disease progression confirmed radiologically, or death, was analyzed by Kaplan--Meier methodology; missing data for PFS were censored.

Comparison of PK Parameters Between Chinese, Japanese, and US Patients {#S0002-S2005}
----------------------------------------------------------------------

Two Phase 1 studies investigated PK parameters of FTD/TPI in Japanese[@CIT0018] and US[@CIT0017] patients with solid tumors. As these studies were sponsored by Taiho Pharmaceutical Co Ltd and Taiho Oncology Inc, the data for subsets of patients treated with FTD/TPI 35 mg/m^2^ dose, as well as baseline characteristics of these patients, were available from clinical study reports and were used to compare PK parameters of FTD, TPI, and FTY between Chinese, Japanese, and US patients. Since PK parameters such as C~max~ and AUC generally follow the lognormal distribution, and the usually limited sample size in a PK study precludes a reliable determination of the distribution of the data set, we have followed the FDA recommendation for the logarithmic transformation of PK data and calculation of geometric means for comparison purposes.[@CIT0032] Hence, in our study individual PK parameters that did not follow the Gaussian distribution (all except T~max~) were converted into common logarithmic values, expressed as geometric means, and compared using the Tukey--Kramer's HSD multiple comparison test. The difference was considered significant at *p*\<0.05. PK samples collected on days 1 and 12 were compared. The last PK sampling points were 10, 10, and 12 h for studies in China, Japan, and the US, respectively.

Results {#S0003}
=======

Demographic and Baseline Characteristics {#S0003-S2001}
----------------------------------------

Fifteen Chinese patients (12 male, 3 female) were enrolled in the study and received FTD/TPI; the majority of patients (n=13 \[86.7%\]) were diagnosed with CRC. The median (range) age was 56.0 (35--64) years, median (range) height, 170.0 (155--183) cm, median (range) weight, 71.0 (47--108) kg, and median body surface area, 1.86 (1.4--2.3) m^2^ ([Table 1](#T0001){ref-type="table"}). All patients had undergone prior anticancer therapy for advanced or metastatic disease, and 10 (66.7%) patients had prior adjuvant anticancer therapy. Five (33.3%) patients had received two prior regimens, two (13.3%) had three prior regimens, and eight (53.3%) had ≥4 prior regimens. The primary tumor was resected in 12 (80.0%) patients before enrollment; three (20.0%) patients did not undergo resection. The median (range) time from the initial diagnosis to enrollment was 21.6 (8.0--215.2) months. Disease progression was reported as the outcome of prior therapy in all patients. The most frequent prior systemic cancer therapy was capecitabine monotherapy (in five \[33.3%\] patients).Table 1Baseline Clinical and Demographic Characteristics (Safety Set)CharacteristicsFTD/TPI (N=15)Age, median (range), years56.0 (35--64)Male, n (%)12 (80.0)Height, median (range), cm170.0 (155.0--183.0)Weight, median (range), kg71.0 (47.0--108.0)BMI, median (range), kg/m^2^25.6 (19.6--32.3)BSA, median (range), m^2^1.86 (1.43--2.30)ECOG performance status, n (%) 04 (26.7) 111 (73.3)No. of prior regimens, n (%) 25 (33.3) 32 (13.3) ≥48 (53.3)Type of solid tumor, n (%) Colorectal carcinoma13 (86.7) Breast cancer1 (6.7) Pancreatic carcinoma1 (6.7)No. of nontarget lesions, n (%) 13 (20.0) 28 (53.3) 32 (13.3) ≥42 (13.3)[^1]

Pharmacokinetic Characteristics {#S0003-S2002}
-------------------------------

[Figure 1](#F0001){ref-type="fig"} shows mean plasma concentration-time profiles of FTD (A), FTY (B), and TPI (C) on days 1 and 12. Geometric means of PK parameters (all except T~max~, which was reported as median) of FTD, FTY, and TPI analyzed on days 1 and 12 are presented in [Table 2](#T0002){ref-type="table"}. FTD plasma concentrations on day 1 reached a C~max~ of 3019.5 ng/mL, at a median T~max~ of 1 h after oral administration, and AUC~0-t~ was 7796.6 ng/mL•h. On day 12, C~max~ for FTD increased to 3693.1 ng/mL, at a median T~max~ of 2 h after administration, and AUC~0-t~ was 18,181.3 ng/mL•h; the R was 2.4.Table 2Geometric Means of PK Parameters for FTD, FTY, and TPI (PK Analysis Set)FTDFTYTPIDay 1\
(n=14)Day 12\
(n=13)Day 1\
(n=14)Day 12\
(n=13)Day 1\
(n=14)Day 12\
(n=13)T~max~ median (range), h1.0 (0.3--2.0)2.0 (2.0--4.0)1.5 (0.5--4.0)4.0 (2.0--4.0)2.0 (2.0--4.0)4.0 (2.0--4.0)T~max~ mean (SD), h1.1 (0.5)2.8 (1.0)1.9 (1.3)3.5 (0.9)2.5 (0.8)3.5 (0.9)C~max~ (CV%), ng/mL3019.5 (34.0)3693.1 (21.7)810.8 (27.8)516.1 (28.0)60.0 (54.9)49.4 (34.5)t~½~ (CV%), h1.3 (25.5)1.9 (30.8)1.5 (18.9)5.5 (45.4)1.7 (9.9)2.1 (32.1)AUC~0-t~ (CV%), ng/mL•h7796.6 (19.1)18,181.3 (30.0)3087.4 (18.1)3512.1 (23.0)247.3 (45.6)250.7 (33.8)AUC~0-inf~ (CV%), ng/mL•h7871.1(19.6)--3156.9 (18.4)--257.6 (45.1)--Vd/F (CV%), L15.7 (24.0)8.7 (20.0)----295.4 (43.7)329.1 (40.2)CL/F (CV%), L/h8.2 (22.7)3.2 (32.5)----117.8 (43.3)107.4 (39.6)R^a^ (CV%)2.41^b^ (17.9)1.11^b^ (27.5)0.95^b^ (66.9)[^2][^3] Figure 1Mean plasma concentration-time profiles of FTD (**A**), FTY (**B**), and TPI (**C**) on days 1 and 12.**Abbreviations:** C1D1, Cycle 1 day 1; C1D12, Cycle 1 day 12; FTD, trifluridine; FTY, inactive metabolite of FTD; hr, hour; TPI, tipiracil.

For FTY, C~max~ value on day 1 was 810.8 ng/mL at a median T~max~ of 1.5 h after administration, and AUC~0-t~ was 3087.4 ng/mL•h. On day 12, plasma concentrations of FTY reached a C~max~ of 516.1 ng/mL, at a median T~max~ of 4 h after administration, and AUC~0-t~ was 3512.1 ng/mL•h; the R was 1.1.

For TPI, C~max~ was 60.0 ng/mL on day 1, at a median T~max~ of 2 h, and AUC~0-t~ was 247.3 ng/mL•h. On day 12, C~max~ was 49.4 ng/mL, at a median T~max~ of 4 h, and AUC~0-t~ was 250.7 ng/mL•h; the R was 1.0 ([Table 2](#T0002){ref-type="table"}).

Comparison of PK Parameters Between Chinese, Japanese, and US Patients {#S0003-S2003}
----------------------------------------------------------------------

This analysis included PK data from six Japanese patients (days 1 and 12), PK data on day 1 from the 19 US patients, and on day 12 from 34 US patients, and PK data on day 1 from 14 Chinese patients (one was excluded due to time violation regarding drug administration and PK sample collection), and on day 12 from 13 Chinese patients (two were excluded due to deviation in the time of sample collection). All patients included in this analysis were treated with oral FTD/TPI 35 mg/m^2^ twice daily. Baseline characteristics of the Japanese and US patients, included in the comparison, were: median (range) age 61.5 (53--68) years and 57.0 (37--74) years, median (range) weight 52.4 (40--54) kg and 83.9 (50--110) kg, median (range) body surface area 1.4 (1.3--1.6) m^2^ and 1.94 (1.5--2.4) m^2^, respectively. Half of the patients were males, and the majority of patients in both studies were diagnosed with CRC and received ≥3 prior treatments.

Geometric means for C~max~ and AUC~0-t~ from Chinese, Japanese, and US patients are presented in [Table 3](#T0003){ref-type="table"}. Tukey--Kramer's HSD multiple comparison test of FTD C~max~ and AUC~0-t~ showed no significant differences on days 1 and 12 between Chinese and Japanese patients, Chinese and US patients, and Japanese and US patients ([Figure 2](#F0002){ref-type="fig"}). For FTY, C~max~ and AUC~0-t~ on day 12 were significantly higher (*p*\<0.05) in the US vs Chinese patients ([Table 4](#T0004){ref-type="table"}). For TPI, there was no significant difference in C~max~ on days 1 and 12 between the Chinese, Japanese, and US patients ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}), but AUC~0-t~ on day 12 in US patients was significantly higher (*p*\<0.05) than in Chinese patients ([Table 4](#T0004){ref-type="table"}, [Figure 3D](#F0003){ref-type="fig"}). There were no significant differences in AUC~0-t~ for TPI on day 12 between Chinese and Japanese patients, or between Japanese and US patients ([Table 4](#T0004){ref-type="table"}, [Figure 3D](#F0003){ref-type="fig"}).Table 3Geometric Means of PK Parameters of Chinese, Japanese, and US Patients (PK Analysis Set^a^)RegionDay 1Day 12NC~max~ (ng/mL)AUC~0-t~\
(ng/mL•h)NC~max~ (ng/mL)AUC~0-t~\
(ng/mL•h)FTD China143019.57796.6133693.118,181.3 Japan63254.68431.564457.620,852.1 US192155.2^a^6618.1^a^344474.322,563.0FTY China14810.83087.413516.13512.1 Japan6849.43334.46553.93507.8 US19736.8^a^3231.7^a^34^b^653.04875.6TPI China1460.0247.31349.4250.7 Japan669.7271.0659.5278.3 US1961.6278.43464.0348.8[^4][^5] Table 4Tukey--Kramer's Honestly Significant Difference Multiple Comparison Tests of PK Parameters (PK Analysis Set^a^)RegionC~max~ Difference on Day 195% CI*p*-valueC~max~ Difference on Day 1295% CI*p*-valueAUC~0-t~ Difference on Day 195% CI*p*-valueAUC~0-t~ Difference on Day 1295% CI*p*-value**FTD** ChinaJapan0.033--0.175 to 0.2400.9220.082--0.119 to 0.2820.5890.034--0.122 to 0.1900.8550.060--0.098 to 0.2170.635 ChinaUS0.146--0.003 to 0.2960.0560.083--0.049 to 0.2160.2900.071--0.041 to 0.1840.2810.094--0.010 to 0.1980.086 JapanUS0.179--0.020 to 0.3780.0850.002--0.178 to 0.1811.0000.105--0.044 to 0.2550.2110.034--0.107 to 0.1760.829**FTY** ChinaJapan0.020--0.127 to 0.1680.9400.031--0.108 to 0.1700.8550.033--0.085 to 0.1520.7710.001--0.167 to 0.1681.000 ChinaUS0.042--0.065 to 0.1480.6100.1020.010 to 0.1940.026\*0.020--0.066 to 0.1050.8380.1420.032 to 0.2530.008\* JapanUS0.062--0.080 to 0.2030.5400.071--0.053 to 0.1960.3560.014--0.100 to 0.1270.9540.143--0.007 to 0.2930.065**TPI** ChinaJapan0.065--0.200 to 0.3290.8220.081--0.141 to 0.3020.6540.040--0.177 to 0.2560.8960.045--0.153 to 0.2440.846 ChinaUS0.011--0.179 to 0.2020.9880.112--0.034 to 0.2580.1630.051--0.105 to 0.2070.7030.1430.012 to 0.2750.029\* JapanUS0.053--0.200 to 0.3070.8660.131--0.167 to 0.2300.9230.012--0.196 to 0.2190.9900.098--0.080 to 0.2760.386[^6] Figure 2Box plots of C~max~ (**A, B**) and AUC~0-t~ (**C, D**) of FTD after administration of FTD/TPI on day 1 (C1D1) and day 12 (C1D12) of Cycle 1 by regions of China, Japan, and the US. Differences between regions were assessed by Tukey--Kramer's HSD multiple comparison test. Data for Japan and the US used for the comparison are presented in [Table 3](#T0003){ref-type="table"}. Upper horizontal line of box indicates 75th percentile; lower horizontal line of box, 25th percentile; horizontal bar within box, median; upper horizontal bar outside box, 90th percentile; lower horizontal bar outside box, 10th percentile; circles represent outliers.**Abbreviations:** AUC~0-t~, area under the plasma-concentration time curve from time 0 to time of last quantifiable concentration; C, cycle; C~max~, maximum plasma concentration; D, day; FTD, trifluridine; HSD, honestly significant difference; TPI, tipiracil.Figure 3Box plots of C~max~ (**A, B**) and AUC~0-t~ (**C, D**) of TPI after administration of FTD/TPI on day 1 (C1D1) and day 12 (C1D12) of cycle 1 by regions of China, Japan, and the US. Data for Japan and the US used for the comparison are presented in [Table 3](#T0003){ref-type="table"}. Differences between regions were assessed by Tukey--Kramer's honestly significant difference multiple comparison test. \**p*\<0.05 compared with China. Upper horizontal line of box indicates 75th percentile; lower horizontal line of box, 25th percentile; horizontal bar within box, median; upper horizontal bar outside box, 90th percentile; lower horizontal bar outside box, 10th percentile; circles represent outliers.**Abbreviations:** AUC~0-t~, area under the plasma-concentration time curve from time 0 to time of last quantifiable concentration; C, cycle; C~max~, maximum plasma concentration; D, day; FTD, trifluridine; TPI, tipiracil; US, United States.

Treatment Exposure and Safety {#S0003-S2004}
-----------------------------

Most Chinese patients received FTD/TPI treatment for one or two cycles: all 15 received one cycle of FTD/TPI, 13 (86.7%) received two cycles, one (6.7%) received three cycles, and one (6.7%) received ≥4 cycles. The median (range) FTD/TPI treatment exposure was 8.1 (4.0--18.9) weeks. Per the protocol-defined discontinuation criteria, RECIST-defined disease progression was the reason for treatment discontinuation for 14 (93.3%) patients; one patient (6.7%) discontinued at their own request.

Overall, five patients had a dose delay/interruption due to AEs (anemia, constipation, platelet count decreased, and leukopenia in one patient each; neutrophil count decreased and neutropenia in two patients each). In addition, one (6.7%) patient had a dose reduction after Cycle 1 because of decreased white blood cell and neutrophil counts.

The mean (standard deviation) overall study medication compliance rate was 93.7% (12.3), with compliance rates of 99.3%, 88.9%, 100%, and 50% for Cycles 1--4, respectively. Twelve (80%) patients were in the 90% to ≤100% compliance range; one (6.7%) patient was in the 80%--≤90% compliance range.

All 15 patients were included in the safety analyses. Most patients (n=14 \[93.3%\]) experienced ≥1 AE, and 13 (86.7%) experienced ≥1 treatment-emergent AE (TEAE). One (6.7%) patient experienced TEAEs of nausea, vomiting, dizziness, and headache that led to discontinuation from study treatment; however, none of these were related to study treatment. Eight patients (53.3%) experienced Grade 3 TEAEs, of which the most frequent were anemia and fatigue (two \[13.3%\] patients for each event); no Grade 4 TEAEs were observed ([Table 5](#T0005){ref-type="table"}).Table 5TEAEs in ≥10% of Patients (Safety Set) (n=15)TEAEsAll Grades\
n (%)Grade 3\
n (%)Patients with ≥1 TEAE13 (86.7)8 (53.3)Blood and lymphatic system disorders Leukopenia5 (33.3)0 Neutropenia5 (33.3)1 (6.7) Anemia4 (26.7)2 (13.3) Erythropenia2 (13.3)0Investigations Neutrophil count decreased4 (26.7)1 (6.7) White blood cell count decreased4 (26.7)1 (6.7) Aspartate aminotransferase increased2 (13.3)1 (6.7) Hemoglobin decreased2 (13.3)0 Platelet count decreased2 (13.3)1 (6.7)Gastrointestinal disorders Nausea12 (80.0)1 (6.7) Vomiting9 (60.0)1 (6.7) Constipation5 (33.3)0 Diarrhea3 (20.0)0 Abdominal distension2 (13.3)0 Abdominal pain2 (13.3)0 Abdominal pain, upper2 (13.3)0General disorders and administration site conditions Fatigue8 (53.3)2 (13.3)Metabolism and nutrition disorders Decreased appetite7 (46.7)0 Hyperglycemia3 (20.0)0Nervous system disorders Dizziness3 (20.0)1 (6.7) Headache2 (13.3)1 (6.7)Musculoskeletal and connective tissue disorders Back pain2 (13.3)0Infections and infestations Upper RTI2 (13.3)0Ear and labyrinth disorders Tinnitus2 (13.3)0[^7]

The most frequent hematologic TEAEs included neutropenia (n=5 \[33.3%\]), leukopenia (n=5 \[33.3%\]), anemia (n=4 \[26.7%\]), neutrophil count decreased (n=4 \[26.7%\]), and white blood cell count decreased (n=4 \[26.7%\]). Nonhematologic toxicity consisted mainly of nausea (n=12 \[80.0%\]), vomiting (n=9 \[60.0%\]), fatigue (n=8 \[53.3%\]), decreased appetite (n=7 \[46.7%\]), constipation (n=5 \[33.3%\]), diarrhea (n=3 \[20.0%\]), hyperglycemia (n=3 \[20.0%\]), and dizziness (n=3 \[20.0%\]) ([Table 5](#T0005){ref-type="table"}). Four (26.7%) patients experienced serious TEAEs; three of these (anemia, fatigue, and decreased platelet count) were considered related to study treatment. No TEAE-related deaths were reported in this study.

Efficacy {#S0003-S2005}
--------

Preliminary efficacy data were available for all 15 Chinese patients. The ORR was 0 and DCR was 13.3% (95% CI, 1.7--40.5). The best response was stable disease in two (13.3%) patients and progressive disease in 13 (86.7%) patients. Median PFS was 1.9 months (95% CI, 1.3--2.1). One (6.7%) patient was censored because of treatment discontinuation. At 3 months, per Kaplan--Meier estimate, 8.3% (95% CI, 0.5--30.6) of patients were alive and 6.7% (95% CI, 0.2--31.9) were at risk ([Figure 4](#F0004){ref-type="fig"}).Figure 4Progression-free survival (efficacy set). Estimation by Kaplan--Meier method.**Abbreviations:** FTD, trifluridine; TPI, tipiracil.

Discussion {#S0004}
==========

This phase 1b study investigated the PK, safety, and preliminary efficacy of oral FTD/TPI in Chinese patients with solid tumors, mostly CRC. The exposure to FTD increased 2.4-fold with multiple dosing, and a similar tendency was previously observed in similar Phase 1 studies in Japanese[@CIT0018] and US patients.[@CIT0017] Comparison of the PK parameters of FTD/TPI obtained in this study with original clinical study results from Japanese (JapicCTI-111545) and US (NCT01867866) patients, based on Tukey--Kramer's HSD multiple comparison test, revealed that the exposures of FTD, which is an active compound of FTD/TPI, were similar between Chinese, Japanese, and US patients on days 1 and 12. Although the exposure to TPI on day 12 in Chinese patients was lower than that in US patients, it was comparable between Chinese and Japanese patients. A limitation of this analysis was a small sample size, particularly for Japanese patients (N=6).

FTD/TPI was safe and tolerable in this study, and the safety data observed in Chinese patients were similar to those reported in other studies of FTD/TPI in solid tumors or mCRC, with the main toxicities affecting the hematologic and gastrointestinal systems.[@CIT0015],[@CIT0017]-[@CIT0019],[@CIT0021],[@CIT0022],[@CIT0025] Although the safety profile generally complemented results reported in the global RECOURSE[@CIT0022] and Asian TERRA trials,[@CIT0025] the frequency of most common hematologic and gastrointestinal AEs, including Grade 3 AEs, was lower in this study, likely due to small sample size and relatively short treatment exposure.

No CR or PR was observed in this study and the best response was stable disease, similar to the results of a Phase 1 Japanese study.[@CIT0018] Global RECOURSE[@CIT0022] and Asian TERRA trials[@CIT0025] reported ORRs of 1.6% and 1.1%, respectively. Median PFS of 1.9 months in this study was comparable, with the caveat of small sample size, to that in the Japanese PK study (2.6 months),[@CIT0018] as well as to the RECOURSE[@CIT0022] and TERRA trials[@CIT0025] (2 months in both). Indeed, the major limitation of this study in relation to efficacy outcomes was that the sample size was too small to draw any definitive conclusions. Nevertheless, the study met its primary objective to obtain preliminary information on PK and toxicity profiles of FTD/TPI in Chinese patients.

Conclusions {#S0005}
===========

In summary, the PK profile of FTD/TPI in this study was comparable between Chinese, Japanese, and US patients. The treatment was safe and tolerable, and the safety profile was similar to that reported in large randomized trials,[@CIT0022],[@CIT0025] with no new safety signals identified. The PK characteristics, as well as the safety and preliminary efficacy results of FTD/TPI reported herein, taken in context of the results reported by large the RECOURSE and TERRA trials,[@CIT0022],[@CIT0025] suggest that FTD/TPI could provide a new treatment option for Chinese patients with mCRC refractory to standard therapies. As FTD/TPI has an antitumor effect irrespective of KRAS mutations,[@CIT0022] a broad mCRC patient population may derive clinical benefit from this salvage therapy.
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[^1]: **Abbreviations:** BMI, body mass index; BSA, body surface area; ECOG, Eastern Cooperative Oncology Group; FTD/TPI, trifluridine/tipiracil; SD, standard deviation.

[^2]: **Notes:** All PK parameters are presented as geometric means, except T~max,~ which is presented as median and mean. Geometric means are accompanied by the coefficient of variation (CV%). ^a^R = (AUC~0-t~ \[day 12\]/AUC~0-t~ \[day 1\]); ^b^n=12; three patients had to be excluded from this analysis due to protocol violation.

[^3]: **Abbreviations:** AUC~0-t~, area under the plasma-concentration time curve from time 0 to time of last quantifiable concentration; AUC~0-inf~, area under the plasma-concentration time curve (time 0 to time infinity); CL/F, apparent systemic clearance; C~max~, maximum plasma concentration; FTD, trifluridine; FTY, 5-trifluoromethyluracil; PK, pharmacokinetic; SD, standard deviation; t~½~, terminal half-life; T~max~, time to maximum concentration; TPI, tipiracil; Vd/F, apparent volume of distribution.

[^4]: **Notes:** Data from the Japanese and US patients were obtained from clinical study reports for a Phase 1 study in Japanese patients (JapicCTI-111545) and a Phase 1 study in US patients (NCT01867866). ^a^Only data for patients who underwent treatment with FTD/TPI 35 mg/m^2^ twice daily are included. ^b^Single-dose FTD/TPI was given to 19 patients and single-dose FTD alone was given to 20 patients. All these patients subsequently received at least one cycle of FTD/TPI, with 34 patients available for PK analysis.

[^5]: **Abbreviations:** AUC~0-t~, area under the plasma-concentration time curve from time 0 to time of last quantifiable concentration; C~max~, maximum plasma concentration; FTD, trifluridine; FTY, 5-trifluoromethyluracil; PK, pharmacokinetics; TPI, tipiracil.

[^6]: **Notes:** Data from Japanese and US patients were obtained from clinical study reports for a Phase 1 study in Japanese patients (JapicCTI-111545) and a Phase 1 study in US patients (NCT01867866). ^a^Only data for patients who underwent treatment with FTD/TPI 35 mg/m^2^ twice daily are included. \**p*\<0.05. Honestly significant difference was calculated using geometric means for C~max~ and AUC~0-t~ for patients from China vs Japan, China vs the US and Japan vs the US.

    **Abbreviations:** AUC~0-t~, area under the plasma-concentration time curve from time 0 to time of last quantifiable concentration; CI, confidence interval; C~max~, maximum plasma concentration; FTD, trifluridine; FTY, 5-trifluoromethyluracil; PK, pharmacokinetic; TPI, tipiracil.

[^7]: **Abbreviations:** RTI, respiratory tract infection; TEAE, treatment-emergent adverse event.
